Abstract: The objective of this study was to evaluate the association between falls and obesity using Asian body mass index (BMI) classifications. Using the data from the Korean community health survey in 2011, a total of 229,226 participants ranging from 19 to 106 years old were included in this study. The BMI groups were classified as underweight (<18.5), healthy (18.5 BMI < 23), overweight (23 BMI <25), and obese (!25) using Asian BMI classifications. The associations between BMI groups and falls (!1 time or !2 times per year) were analyzed using multiple logistic regression analyses with complex sampling. A subgroup analysis was conducted according to age (41) (42)(43)(44)(45)(46)(47)(48)(49)(50)(51)(52)(53)(54)(55)(56)(57)(58)(59)(60), and !61 years) and the location of the fall (indoor and outdoor). Physical activity, household income, education level, alcohol consumption, smoking, stress level, and medical comorbidities were adjusted as confounders. In total, 16.8% and 6.1% of the participants experienced falls !1 time and !2 times per year, respectively. Compared to the healthy weight group, the other BMI groups showed a significant U-shaped relationship with falls !1 time (AOR underweight ¼ 1.12, 95% CI [confidence interval] ¼ 1.05-1.19; AOR obese ¼ 1.06, 95% CI ¼ 1.02-1.10, P < 0.001) and !2 times (AOR underweight ¼ 1.14, 95% CI ¼ 1.04-1.26; AOR obese ¼ 1.04, 95% CI ¼ 0.99-1.10, P < 0.001). Obese status was significantly associated with falls (!1 fall per year) in all age groups, whereas being underweight was significantly associated with falls in the 19 to 40 year age group only. In conclusion, both underweight and obese statuses were significantly associated with falls in this adult Korean population. However, the relationship between BMI group and falls varied according to age and the location of the falls.
INTRODUCTION
F alls are common accidental injuries, accounting for approximately 80% of disabilities from unintentional injuries, with the exception of traffic accidents. 1 This high incidence of falls leads to enormous medical and economic costs. 2 In particular, subjects who are susceptible to fall-related injuries, such as the elderly, can sustain serious injuries from falls. Moreover, the recent improvement of medical care has increased in this elderly population. Therefore, many studies have investigated related factors and preventative methods for falls, focusing primarily on the elderly. [3] [4] [5] However, there has been a paucity of concern regarding falls in young adults, which may also cause a severe enough loss of physical and social abilities to interfere with daily functioning.
Numerous factors are associated with falls. These factors can be categorized as intrinsic and extrinsic factors. 6 Extrinsic factors refer to environmental factors such as medication effects or home hazards, whereas intrinsic factors reflect the functional and health status of the subjects including age, balance function, muscle weakening, cognitive abilities, orientation, visual impairment, fear of falls, and obesity. 7 Sedentary behavior and sedentary occupation are risk factors for obesity and metabolic syndrome, and inadequate physical training can lead to falls. 8, 9 Among these various factors, obesity has received attention because of its increasing prevalence and adverse metabolic and other health-related outcomes. Previous studies have reported a positive correlation between falls and indicators of obesity, primarily body mass index (BMI) or visceral fat. [10] [11] [12] [13] However, there may be ethnic variations affecting the relationship between the proportion of body fat and BMI; compared to Caucasians, Asians showed increased body fat content at identical BMIs. 14, 15 16 However, no studies have investigated the association between obesity and falls in Asians using Asian BMI classifications.
The majority of previous studies have focused on the relationship between obese status and falls; 10, 11, 13 however, the underweight condition is also associated with disproportional body composition, diminished mobility, and reduced stability, all of which may have detrimental effects on falls. 17 Numerous studies have investigated the relationship between falls and obese groups, whereas few studies have been conducted in underweight groups. Therefore, the present study was performed to analyze the association of falls with a wide range of BMI groups, from underweight through obese, based on the Asian BMI classifications. Furthermore, differences by age and the location of the falls were analyzed. To our knowledge, this is the first study on the association between falls and a wide range of BMI groups in a large representative population.
METHODS

Study Population and Data Collection
This study was approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention (IRB no. 2011-05CON-04-C). Written informed consents were obtained from all of the participants prior to the survey.
This study was a cross-sectional study that used data from the Korean Community Health Survey (KCHS). Data from the KCHS that was conducted in 2011 were analyzed. The data were collected by the Centers for Disease Control and Prevention of Korea. The survey gathered information through face-toface, paper-assisted personal interviews that were conducted by trained interviewers. The sample size for the KCHS was 900 subjects in each of the 253 community units, which included 16 metropolitan cities and provinces. The KCHS uses a 2-stage sampling process. In the first stage, a sample area is selected (tong/ban/ri) as the primary sample unit; this area is selected according to the number of households in the area using a probability proportional to the sample area. In the second stage, a household directory is created by identifying the number of households in the selected sample tong/ban/ri. Sample households are then selected using systematic sampling methods. This process is used to ensure that the sample units are representative of the entire population. 18 For the sample to be statistically representative of the population, the survey is weighted by statisticians based on the data collected. 19 Of a total of 229,226 participants ranging from 19 to 106 years old, we excluded the following participants from this study: participants who did not fill out weight or height information (12,166 participants); participants who stayed in bed all day (1175 participants); participants who lacked slip or fall records (154 participants); participants without income records (15,564 participants); and participants who had incomplete data regarding history of exercise, education level, smoking, alcohol consumption, sleep hours, stress levels, diabetes, cerebral stroke, angina or myocardial infarction, or arthritis (2194 participants). After excluding these participants, a total of 197,973 participants were included in this study (Figure 1 ).
SURVEY
Some variables were treated as the same way of our previous studies. [20] [21] [22] [23] To measure physical activity, the participants were asked about the number of days they engaged in vigorous exercise with considerable shortness of breath for >10 minutes in the last week and the number of days they engaged in moderate exercise with slight shortness of breath for >10 minutes in the last week. 21 Monthly income was separated into lowest, low-middle, upper-middle, and highest quartiles, [20] [21] [22] [23] based on methods recommended by the Organization for Economic Cooperation and Development 24 (dividing household income by the square root of the number of household members). To explore the influence of the education level, the ''low'' education group was defined as uneducated participants and those who had graduated only from elementary or middle schools, whereas high school comprised the ''middle'' group, and junior college graduates, graduate school, and college graduates were assigned to the ''high'' group. 21 Alcohol consumption was divided into 4 groups: none, 1 time a month, 2 to 4 times a month, and !2 times a week. 20, 21 Smoking status was classified as nonsmoker, past smoker, and current smoker. 21 Past smokers who had quit smoking <1 year previously were considered as the current smoker group. 21 The participants were asked whether they usually feel stressed, and stress levels were grouped into 4 categories from no stress to severe stress. 21 Amount of sleep was divided into the following categories: 5 hours per day, 6 hours per day, 7 hours per day, 8 hours per day, and !9 hours per day. 21, 23 The participants who slept <3 hours or >12 hours were excluded from this study. 21, 23 The participants were asked about their history of other comorbidities, such as diabetes, stroke, angina or myocardial infarction, and arthritis. Those who reported a history of any of these diseases as diagnosed by a medical doctor were recorded as positive.
Participants <110 cm or 30 kg were excluded in this study. Based on the international classification of adult underweight, overweight, and obese BMI values according to WHO, 25 participants were classified into 4 BMI groups: underweight, <18.5; healthy, 18.5 BMI < 25; overweight, 25 BMI <30; and obese, !30. However, based on this BMI classification, only 2.1% of our study population was classified as obese. Moreover, because of the different proportions of adipose tissue between Caucasians and Asians, previous studies have recommended different reference values for BMI classifications in Asians: underweight, <18.5; healthy, 18.5 BMI < 23; overweight, 23 BMI < 25; and obese, !25.
16 Therefore, we classified the BMI groups according to these Asian reference values.
The participants were asked ''how many times did you slip or fall in the past year?'' The participants who had a history of slips or falls !1 time per year were recorded as positive. 21 Because we believed that anyone could slip or fall once just by chance regardless of a physical condition, a secondary analysis was conducted using the history of slip or falls !2 times per year. 21 For the subgroup analysis according to their slip or fall site, the fall sites were divided into indoors (washroom, bedroom, living room, kitchen, floor, or other inside) or outdoors (farming or fishing area, transport area, exercise place, business district, or other outer area). 21 In this subgroup analysis, the participants who fell indoors or outdoors !1 time per year were recorded as positive. 21 
Statistical Analysis
Differences in mean age, days of vigorous exercise, and days of moderate exercise between normal participants (control) and fall participants were compared using a linear regression analysis with complex sampling. The rate differences of sex, diabetes, stroke, angina or myocardial infarction, arthritis, asthma history, income level, education level, smoking, alcohol consumption, sleep hours, stress level, and BMI were compared using the chi-square test with the Rao-Scott correction.
The associations between slips and falls (yes or no) and obesity groups were analyzed using the following methods: a simple logistic regression analysis with complex sampling (unadjusted); a multiple logistic regression analysis with complex sampling adjusted for age and sex (model 1); and a multiple logistic regression analysis with complex sampling adjusted for age, sex, days of vigorous exercise, days of moderate exercise, income level, education level, smoking, alcohol consumption, sleep hours, stress level, diabetes, cerebral stroke, angina or myocardial infarction, and arthritis history (model 2).
For the subgroup analysis according to age, age was divided into 3 groups: 19 to 40 years (n ¼ 62,396); 41 to 60 years (n ¼ 79,656); and 61þ years (n ¼ 55,921). A subgroup analysis of obesity for falls (!1 time or !2 times per year) was performed using a multiple logistic regression analysis with complex sampling (model 2).
To analyze the participants according their fall sites, a subgroup analysis of obesity for falls (indoor or outdoor) using a multiple logistic regression analysis with complex sampling was performed (model 2).
Two-tailed analyses were conducted, and P < 0.05 was considered to indicate significance. The adjusted odds ratios (AOR) and 95% confidence interval (CI) for falls were calculated. All of the results are presented as weighted values. The results were analyzed statistically using SPSS version 21.0 (IBM, Armonk, NY). The data were analyzed on January 5, 2016.
RESULTS
In total, 16.8% (33,236/164,737) of the participants experienced falls !1 time per year, and 6.1% (11,989/185,984) of the participants experienced falls !2 times per year (Table 1) . Specifically, there were 21,247 (10.7%), 7287 (3.7%), 2730 (1.4%), 523 (0.3%), and 1458 (0.7%) participants who experienced falls 1, 2, 3, 4, and !5 times per year, respectively. The average BMI was 23.0 AE 3.0, and there were 92,081 (46.5%), 11,017 (5.6%), 48,047 (24.3%), and 46,828 (23.7%) participants who were classified as healthy, underweight, overweight, and obese, respectively, based on BMI.
The proportions of participants in the BMI groups were different between the fall and nonfall groups (P < 0.001; Table 1 ). In addition, most of the collected variables were significantly different according to the experience of the falls. Old age, many days of vigorous exercise, female sex, low income, low education level, heavy alcohol, high stress level, inadequate sleep duration, and medical comorbidities including diabetes, stroke, angina or myocardial infarction, and arthritis showed significant differences in terms of falls (each P < 0.05). Thus, all of these variables were considered as covariates in the subsequent logistic regression analyses.
Compared to the healthy weight groups, the underweight and obese groups showed a significant U-shaped relationship with falls (Table 2) 
In the subgroup analysis according to age, the obese group showed significant correlations with falls (!1 and !2 falls per year) for all age groups, except the 41-to 60-year age group (!2 falls per year) ( Table 3 ). Underweight status was significantly associated with !1 fall per year in only the 19-to 40-year age group (AOR ¼ 1.09, 95% CI ¼ 1.00-1.18, P < 0.001).
In another subgroup analysis, the relationship between BMI and falls also differed according to outdoor or indoor falls (Table 4) . Obese groups were significantly associated with outdoor falls but not with indoor falls in all age groups (each P < 0.05). The association between underweight and outdoor/ indoor falls was inconsistent.
DISCUSSION
Consistent with previous studies, obese individuals were significantly associated with the increased risk of falls among Koreans when using Asian BMI classifications. 11, 13 Moreover, underweight status was also significantly positively associated with falls. However, there was no significant correlation between falls and overweight status. In the subgroup analysis, obese status was significantly associated with falls even in young adults, whereas there was only a significant relationship between falls and those who were underweight in young adults. When evaluating the association between the locations of falls and weight status, obesity was significantly associated with outdoor falls but did not display a significant association with indoor falls.
The obese group was significantly correlated with falls in the present study (AOR obese, !1 fall ¼ 1.06, 95% CI ¼ 1.02-1.10; AOR obese, !2 falls ¼ 1.04, 95% CI ¼ 0.99-1.10). This effect of obesity on falls may originate from the reduced physical ability among individuals who are obese. Previous studies have demonstrated that increased body weight adds pressure on the heels, which compromises postural stability and balance ability. 26 In addition to this direct effect resulting from obesity, comorbid or complicated physiologic changes in people who are obese may also contribute to falls. Increased fat may result in the loss of muscle strength, which is referred to as ''dynapenic obesity,'' and is known to contribute to an increased risk of falls. 27 Dynapenic obesity is also associated with limited mobility. 28 In addition, increased adipose tissue also causes loss of muscle mass, which is termed ''sarcopenic obesity. '' 6 Sarcopenia is linked with an increased risk of falls because of postural instability and reduced physical activity. [29] [30] [31] Furthermore, it has been reported that sarcopenia is positively associated with a loss of bone mineral density and osteoporosis, leading to an increased fracture risk in older adults. 32 These adverse relationships between obesity and dynapenia/sarcopenia/osteoporosis increase as individuals age. 33, 34 Because previous studies have primarily focused on the relationship between obesity and falls in older adults, our data move the field forward by identifying a relationship between falls and obesity in all adult groups, not exclusively older adults. It is also possible that other comorbid conditions of obesity such as heart disease, diabetes, sedentary behavior, and mood disorders may partially contribute to the relationship between obesity and falls. 35 No significant correlations were identified between overweight status and falls in our data. However, our overweight group was based on the Asian BMI classification system that comprised subjects with BMI values of 23 BMI < 25, which is a range categorized as a healthy BMI in the WHO BMI classification system. In addition, our obese group (!25) included the overweight category (25 BMI <30) of the WHO BMI classification system. Therefore, our results indicate that obesity was associated with falls even in the relatively lower Asian BMI classifications compared to the WHO classifications.
Interestingly, we identified a significant association between falls and underweight status (AOR underweight, !1 fall¼ 1.12, 95% CI ¼ 1.05-1.19; AOR underweight, !2 falls ¼ 1.14, 95% CI ¼ 1.04-1.26). This may be explained by the fact that becoming underweight is often a result of an insufficient nutritional supply, which may also cause sarcopenia. [36] [37] [38] Unlike the obesity-induced loss of muscle mass, being underweight leads to the loss of muscle mass without replacement by fat. The physical weakness from lost muscle mass combined with the fragility in extremely thin subjects could induce falls in the underweight. In line with this hypothesis, only a few previous studies conducted with underweight subjects suggested an increased risk of falls in thin subjects. 17, 39 Although other previous studies did not show a significant relationship between underweight status and falls, these studies were confined to the elderly or only included a small portion of the study population classified as underweight. 11, 40 We also identified some differences in the relationship between BMI and falls according to age group; few previous studies have focused on falls experienced by adults under age 60. In the subgroup analysis, although obese status was significantly associated with falls in all of the groups, underweight status was only significantly related to falls in young adults. The insignificant correlation between underweight status and falls in the middle-aged and older adult groups might be a result of the decreased statistical power due to the small number of underweight subjects in this study; underweight individuals accounted for only 5.6% of the enrolled participants, despite the large sample population (197,973 participants). It is also possible that some unknown underlying factors/mechanisms contribute to these differing results between young adults and adults. For instance, the reasons for falling down might differ based on age and obesity. According to the supplemental data (Supplement 1, http://links.lww.com/MD/A854), falls experienced by young underweight adults occurred predominantly outdoors, with a relatively low rate of indoor falls.
The relationship between BMI and falls also differed according to the locations of the falls. Obesity was significantly associated with outdoor falls in all age groups, but there was no significant correlation between obesity and indoor falls. Because outdoor falls are generally associated with more external stimuli and activities than indoor falls, the adverse effects of obesity on mobility and stability might have more of an effect on outdoor falls than indoor falls. Moreover, outdoor falls (n ¼ 27,587; 13.9%) were more frequent than indoor falls (n ¼ 8098, 4.1%) in this study, which could have affected the differences in significance between indoor and outdoor falls among various groups.
Although we conducted a stratified statistical analysis based on the large representative population, we also conducted an analysis for !1 fall and a second analysis for !2 falls per year to minimize the influence of incidental falls regardless of susceptibilities in the data. We also adjusted for various confounding factors, but the results of our data had some limitations. In the subgroup analyses, the subgrouping of the study population resulted in a smaller number of analyzed subjects, which might attenuate the statistical power. For the obesity parameters, the BMI value was based on a weight-height ratio, which may not accurately represent the amounts of abdominal adipose tissue. In particular, the representativeness of the BMI value for obesity in older adults is limited. 41 In addition, there was a possibility of recall bias because the present study was based on self-reported experiences of falls. Finally, cross-sectional study designs have an inherent limitation regarding the ability to establish a causal relationship between BMI groups and falls. Further studies with more representative and various parameters for underweight and obese using prospective designs will help overcome the present limitations. 
